INTRODUCTION
Foot and mouth disease (FMD) is endemic in northern Thailand, where the circulating viruses are serotypes O, A and Asia 1. The FMD control programme is based primarily on six-monthly vaccination, using a trivalent vaccine, of at least 70% of village cattle and buffalo (but not pigs), combined with movement controls, complementary animal health measures and ring vaccination in response to outbreaks (5) . The Royal Thai Government has recently allocated substantially increased funds for FMD control to the Department of Livestock Development (DLD), with the aim of eradicating the disease within the next ten years.
There is general acceptance of the need for a more precise understanding of the occurrence, relative importance and other attributes of FMD in northern Thailand.
Official reports of the disease in Thailand are based on the number of confirmed laboratory submissions received at regional laboratories, and it is likely that additional unreported outbreaks occur. Without accurate data on incidence of the disease and the resulting production losses, the benefits of control procedures cannot be accurately assessed. Disease control authorities also require that both the level of vaccination cover achieved and the distribution of cover among villages be monitored.
A questionnaire survey was undertaken to indicate the prevalence, relative importance and general features of FMD in northern Thailand, and to obtain information on the vaccination cover achieved in the surveyed villages. This paper describes the results of the survey.
MATERIALS AND METHODS
A cross-sectional study was undertaken in region 5 of northern Thailand, which comprises approximately 5,000 villages in eight provinces. A purposive sample of sixty villages (twenty villages in each of three provinces, namely Lampang, Lamphun and Chiang Mai) was chosen. Criteria for enrolment of villages were the willingness of livestock owners to co-operate, a history of the participation of villages in DLD programmes, and physical accessibility of the villages during all seasons of the year.
Interviews were conducted in the sixty selected villages, between 1991 and 1992, by a single team using a standard questionnaire. The recorded responses comprised the collective opinions of the 'headman', 'keyman' and other influential farmers in the village. The headman is the senior Government official in a Thai village, and the keyman is a volunteer who assists in implementing DLD programmes.
A record was made of the number of outbreaks of FMD which had occurred in the five years prior to interview. A history of the most recent outbreak was recorded, including the month and year it began, how long it lasted, and the opinion of the villagers on the likely source of the outbreak. Responses were obtained regarding whether FMD occurred in other villages within a five-kilometre radius at approximately the same time as the most recent outbreak, and whether animals which had been vaccinated against FMD became sick. Villagers were asked whether or not epithelial samples for virus typing were collected from infected animals by local DLD officers to confirm the diagnosis, and these responses were cross-checked with laboratory records. Estimated morbidity rates for cattle, buffalo and pigs, and the number of livestock dying or aborting in the outbreak were recorded. Villagers were then asked to describe the major effects of the outbreak on village activities and to rank the two most important animal health problems of the village.
FMD vaccination history was obtained, including the dates of the two most recent vaccination visits, the percentage of work cattle, beef cattle and buffalo vaccinated during the most recent visit, and the reasons why some livestock were not vaccinated. To estimate the vaccination cover across all villages, the current livestock inventory was assumed to be equal to the number of animals present at the most recent vaccination visit. The number of animals vaccinated in each village was then calculated by multiplying the reported percentage vaccinated by the current inventory total for that particular class of stock.
RESULTS
Of the 60 villages chosen for the survey, 54 (90%) reported one or more outbreaks of FMD in the five years prior to the interview, and 67% (40/60) reported at least one outbreak in the previous two-year period, while 45% (27/60) had experienced an outbreak of FMD in the twelve months prior to interview. Seventeen villages (28%) reported annual outbreaks.
A frequency distribution and three-month rolling average of the month when the most recent outbreak commenced is shown in Figuie 1. Most outbreaks began during the wet season (June to September). Interviewees in two villages could not recall when the most recent outbreak occurred, as it was so long ago, while interviewees in a further three villages were unable to provide information about the duration of the outbreak. In 69% (38/55) of the remaining villages, interviewees stated that during the most recent outbreak, the time from when the first cases were noticed to when all animals had recovered was four weeks or less (mean 4.4 weeks; median 4; range 1-12).
The most common responses regarding the source of the most recent outbreak were that it was due to a recent introduction of infected cattle or buffalo from a public market or surrounding village (25/60), or due to commingling of cattle and buffalo with those of an infected neighbouring village while grazing or watering (24/60). One outbreak was attributed to the introduction of infected pigs. In other cases, villagers were unsure of the source of the outbreak (9/60) or believed that the outbreak was due to non-animal transmission via the movement of livestock trucks (1/60). Eighty percent (48/60) of villages responded that FMD also occurred in villages within a five-kilometre radius at the time of the most recent outbreak. FMD cases in vaccinated livestock were reported in 36% (21/59) of villages which were undergoing routine FMD vaccination at the time of the most recent outbreak, while eight villages did not know whether vaccinated animals had been affected by FMD in the outbreak. In only one of the sixty villages were epithelial samples submitted to the regional diagnostic laboratory for virus typing of the outbreak.
Estimated morbidity and mortality during the most recent outbreak are given in Table I . Morbidity was highest in cattle and lowest in pigs. Mortality was not common, and the actual numbers of deaths were reported, rather than mortality rates. Only two villages reported mortality in pigs. Thirteen villages reported abortions in cattle during the most recent outbreak. In 11 of these villages, 10 cows or less had aborted, while two villages experienced 20 or more abortions in cows. One village reported two cases of abortion in buffalo, and another village reported five cases of abortion in sows. Figure 2 shows the percentage frequency distribution of the major effects of the most recent outbreak on village activities. Some villagers reported a number of effects which they believed were important. Loss of condition in animals, and the cost and inconvenience of nursing sick animals were the most frequent responses given. The recorded inability of animals to work was associated with outbreaks occurring in the wet season in villages preparing fields for rice planting. In 19% of villages, the most recent outbreak was reported as having only mild effects or no effect on village activities. Overall, FMD was not seen as a major animal health problem in the villages surveyed. Insufficient availability of pasture during the dry season was the most important livestock problem reported in 34 of the 58 villages which responded to this question. Other concerns about livestock production identified by the survey were poor reproductive performance in cattle, and mortality in calves, piglets and chickens.
In the previous year, 48 of the 60 study villages vaccinated their livestock at the recommended six-monthly intervals. For two villages, the two most recent visits were only three months apart, while the remaining ten villages had vaccination intervals of between nine and fifteen months. The overall percentage of animals vaccinated at the most recent vaccination visit is shown in Table II . Vaccination cover was highest in work cattle and lowest in buffalo. Across all villages, vaccination cover was slightly less than the minimum stipulated by the official control policy, and there was significant variation between villages in the percentage of animals vaccinated. Percentage frequency distribution of the reported major effects of the most recent outbreak of foot and mouth disease on village activities in a purposive sample of 60 villages in northern Thailand Figure 3 shows the percentage frequency distribution of village responses regarding the reasons for non-vaccination of some livestock. The most common response given for failure to vaccinate some animals was that some villagers believed that FMD vaccination caused abortion. Other reasons included the difficulty of presenting animals for vaccination, the fact that some livestock were pastured away from the village for part of the year, and the lack of enthusiasm among villagers for the DLD vaccination programme. Less common responses included villagers working outside the village on vaccination day, unweaned calves not being presented for vaccination, and the belief that vaccination was ineffective.
DISCUSSION
FMD appears to be very common in the study area, and while the data were obtained from a purposive sample over a two-year period only, 45% of villages responded that an FMD outbreak occurred in the twelve months prior to interview, 28% reporting outbreaks every year. These estimates of annual FMD incidence in the study villages are Percentage frequency distribution of the reported reasons for non-vaccination of some livestock against foot and mouth disease in a purposive sample of 60 villages in northern Thailand potentially conservative, due to the inherent bias in the village selection procedure towards villages with a known positive attitude towards Government livestock programmes. Although Government policy requires confirmation of the causative serotype in all FMD outbreaks, the survey indicated that this rarely happened (only one of the sixty villages reported that specimens for laboratory confirmation were collected by local DLD officers). If this is indicative of the probability that specimens will be collected and submitted to the laboratory if a village has an outbreak in any given year, then the 114 FMD submissions received during 1991 (C. Chamnanpood, personal communication) actually represent approximately 6,800 outbreaks in the 11,000 villages in regions 5 and 6 of northern Thailand which are serviced by the laboratory, or a village annual incidence in excess of 60%.
Most FMD outbreaks in the survey sample occurred during the wet season. This matches findings that relative humidity was directly correlated with the number of outbreaks in a similar monsoonal climate in west Bengal (3). This seasonality may reflect increased movement of animals, increased susceptibility of animals, or improved environmental survival of virus during the wetter months of the year. An implication of this finding is that village vaccination should be timed to occur just before the onset of the wet season, so that maximum herd immunity coincides with the period of greatest risk of exposure to virus.
The most commonly-reported sources of village outbreaks were purchases of infected cattle and buffalo from public markets or surrounding villages, and lateral spread from nearby infected villages. This is consistent with the findings of the authors from prospective outbreak investigations undertaken in the area (4).
It is also consistent with the findings of a risk factor study undertaken in the area, which indicated that the number of cattle and buffalo purchases and the number of neighbouring villages sharing common resources (such as watering points and pasture) were important in explaining the differences in risk of FMD between villages (1). These findings suggest that close contact between animals associated with animal movement is the main means of spread in the monsoonal climate of South-East Asia, and that indirect methods -such as mechanical and airborne spread or spread by fomites -are less important.
FMD morbidity was found to be highest in cattle and lowest in pigs, and mortality in any species was uncommon. Although a number of villages reported severe outbreaks where morbidity in cattle and buffalo exceeded 50%, FMD was generally regarded as a low priority problem in terms of lost production and livestock deaths. Of much greater importance to villagers was the need to improve pasture availability in the dry season. The finding that pigs were rarely involved in outbreaks is probably due to the pigfeeding and -housing practices employed by villagers, which are likely to protect pigs from exposure to virus (2). Villagers do not feed raw meat, offal, bone marrow or unpasteurised milk to pigs, and these animals are usually housed in individual pens which effectively quarantine them from each other and from infected cattle and buffalo. Species adaptation of FMD strains might also be a factor in the morbidity patterns observed (6) .
There may be several reasons for the apparent failure of vaccination in the past to adequately control FMD in northern Thailand. First, until 1991 vaccination was mainly performed using a type O vaccine, while type Asia 1 emerged as the most prevalent serotype causing outbreaks in 1991 and 1992 (C. Chamnanpood, unpublished findings, 1992) . Second, the herd immunity conferred by twice-yearly vaccination of approximately 70% of the cattle and buffalo population was probably insufficient for effective control. The variable vaccination cover observed between villages would be expected to produce a 'patchwork' of immune village herds in the overall population. In this circumstance, disease outbreaks in unvaccinated herds could provide sufficient challenge to overcome herd immunity in well-vaccinated contact herds. Success of the FMD control programme in Thailand will depend, at least in the early stages, on the DLD achieving a uniform, appropriate level of vaccination across all village herds. An important reason for not vaccinating some stock was the unfounded fear that vaccination caused abortion. In a separate study, the efficacy of a new trivalent vaccine was investigated over eighteen months in 21 of the 60 study villages. In the study, postvaccinal abortion occurred only once in 755 cattle and buffalo reported by their owners to be pregnant at the time of vaccination. Future extension (farmer training) programmes aimed at increasing the current vaccination cover in villages must address this fear of abortion. Such extension must also emphasise the benefits likely to accrue to villagers in the future if FMD is successfully controlled. 
